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ABSTRACT

Tals is an interim repert on an overall study of single and
multi-baffled brakes. The intent of this study i1s to isolate and
examine each muzzle brake parameter to determine its effect on
efficiency and overprassure for the purpose of developing an op-
timum hrake geometry which will maintain efficiency and reduce
overpressures on the crew area. The parameters with which this
test dealt were the brake's deflector diameter and its location
with respect to the muzzle,

The most important finding of this study is that there exists
a downstream locil of points between 1.5 and 2.5 calibers at which
a baffle can be placed and maintain a relatively constant efficiency
and that at 2.5 calibers, a baffie will produce almost 16 percent
less overpressure than it does at 1.5 calibers,

This optimum geometry in which a reduction in overpressure is

obtained without loss of efficiency can be applied to all conventicnal
brakes.



FOREWORD

Authorization for this muzzle brake study was granted by
D.A., Project No. 1-W-5-23801-A-290.

The value of this study lies in the fact that each brake
parameter will be studied separately to determine its offect on
efficiency and overpressure, whereas mcst previous atrempts at
reducing overpressure have only dealt with mass rate of flow and
the brake's angle of deflection,
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OBJECT

The object of this test, which is only a portion of an ewvarall
muzzle brake study, was.to determine what effects a brake diameter and
location have on its efficiency and back blast., The objective of the
entire study is to develop an optimur brake configuration which would
have a high efficiency and yet not produce excessively high overpressure
in the crew area.

INTRODUCTION

Many previous investigations, both theoretical and experimental
have been made in the area of muzzle brake efficiency. Few theoretical
studies, however, have been directed towards the problem of reducing
the back blast which high efficiency brakes produce,

From the standpoint of efficilency, the optimum brake design is
basically a plate positioned in front of the gun muzzle having enough
area to deflect rearward ail of the escaping-muzzle gases., Since. this
situation isn't pessible in practice because of gas escape through the
brake's projestile port, one must move the deflector plate downstream
from the muzzle until a negligible amount of gas escapes in this manner,
However, as the plate is mcved further from the muzzle, its diameter
must be increased to prevent gas from escaping around its extremities.
Unfortunately, a plate that could fulfill these requirements would be
much too large for practical application and a compromise between weight
and efficiency must be made. It would follow, therefore, from the pre-
vious discussion, that for any predetermined distance between muzzle and
baffle an optimum baffle dlameter exists;-and for every baffie diameter
there is an optimum distanecs. :

Little is known about how a brake's diameter and lergth affect
overpressure. In the past, overprassure has usually been associated
with 2 brake's basic efficiency or its deflection angles; the correlation
being that the higher a brake's efficiency or the greater its angle of
deflection, the higher the overpressure, It was the aim of this study,
therefore, to determine if an optimurn configuration of brake diameter and
location does exist for overprzssure as it does for efficiency and if so,
determine if these two configurations could be ccmprémised,



The measure of efficiency used for these tests was momentum
index (b) which is defined by the following eguaticns:

(momentus imparted during gas)
(ejection peried with a brake)

Momentum index (L) = 1 -
(momentum iImparted during gas)
{ejection peiriecd without a brake)
b= o1 (Mpy Vgy) = (g + M 50 Vg (Eq. 1)
Moo Yro? ~ (Mp " Mc/z) Y
Mp1 V1 = total momentum imparted to recoiling parts with a2 brake,
Mpo VRo = total momentum imparted te recoiling parts without a brake.
(MP + Mogp) Vg = Momentum imparted to vecoiling parts up to gas
ejectien peried,
where Mp; = mass of recoiling parts with a brake.
Mpp = mass of receiling parts w;thout a brake,
MP = mass of projectile
M. = mass of charge
Vg = maximum recoil velocity with a brake,
VRo = maximum recoll velecity without a brake,
Vg = muzzle velocity of projectile.
EQUIPMENT

The muzzle brake test fixture used in this study had three (3)
removable deflectors or discs, These discs had outside diameters of
15,05 20,0, and ?5.0 inches end inside dicmeters ol 4,25 inches, These
were attached by four (&) rods to a muzzle ¢ollzr and could be posi-
ticned at various distances from the muzzie with spacers, (See Figure 1l).
The tett shots were fired from a 105mm howitzer which rolled on the free
racoil mount shown in Figure 2, Two conventional brakes were siso tested
for comparison purposes, the 5K (medijum efficiency) brake and the M242E2
(low efficiency) brake. (See Figures 3 & 4), Overpressurs was measured
with piezo-electric pencil gages which wers arranged in positions shown in
Figure 5. A list of the instrumentation equipment used and procedures
fcllowed Is presented in the Appendix.
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Figure 2
105mm Howitzer With Multi-Baffled 3Brake
Installed on Free Recoil Mount at RIA TEE Range

Figure 3
5-¥ Medium Efficlency Muzzle Brake
{WTV-F10785}
8
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PROCEDURE

This investigaticn was divided into four phases:

l. TFiring without a hbrake, with the 5-K brake, and
with the M2A2E2 Drake.

2. Firing test brake with one disc only.
3, TFiring test brake with disc cembinations of two.

Ha Firing test brake with disc combinations of threa,

DPhase 1: Ths testing began by firing six rounds from the
105mm howitzer using no braka attachment. The charge used throughous
all of tha firings was a standard zone 7 charge with T36 propellant,
Four rounds were then fired with both the 5-X and the M2A2E2 brake,
for every round fired in the test, the muzzle velocity, recoil velo-
city, and overpressure (4 P) in the crew area was measured, Also,
during this first phasz, the static friction load of the free recoil
meunt was determined. -

Phase 2: TLuring this single baffla portion of the expariment,
sach brake was tcested at positioms 3.0, 6.0, 9.0, 12,0, and 15.0 inches
downstream from the muzzle with four rounds being fired at each posi-
tion. The spacing interval of 3 inches was chosen based on pre~test
firings. Three inches proved to be the smallast increment change for
which difference in recoil velocity cculd be »esolved with the instru~
mentation in use., Instrumentation limitations alse cancelled out in-
itialiy planned zene % firings which would have added a third paremeter
irts the test. The tes: settings for all fouwr phases are presented in
Tabel I.

Phase 3: Ia this portion of the test, which incorpeorated double
baffla combinaticns, the first dise (that closest to the muzzle) was
Placed at its manimum efficiency position and the Second disc tested
at 3,0, 6.0, and ‘8.0 inches downstream from the first., The optimunm
Fosition for the first disc was determined from Phase 2. A listing of
double baffle combinations is presented in Table I.

Phase 4: This phase of the test dealt with triple baffle com~-
binatlons with the first and second dise placad at their maximum
efficiency positions. As bafore, the cptimun locaticns were determined
from preceeding tests. Because the muzzle obrake test fixture wzs only
15 inches long, the third disc could only be tested a* one positien.
The triple baffle combinations are presented in Table I.



TABLE I

PHASE "BRAKE CONFIGURATION TOTAL NO,
OF ROUNDS
1 No brake 6
5-K (Hedium Efficiency) ly
M2A2E2 (Low Efficiency) 4
2 15 in, disc at 3, €, 9, 12, and 15 in. frem muzzle 20
Single
Baffle 20 in, disc at 3, 6, 9, 12, and 15 in. from muzzle 20
25 in, disc at 3, 6, 3, 12, and 15 in. from muzzle 20
3 15 in, disc at § ins and 20 in. disc at 2, 12, and 15 12
Double
Baffle 15 in, disc at 6 in. and 25 in. disc at 9, 12, and 15 12
Cembina=-
ticns 29 in, disc &t 5 in. and 15 in., dise at 9, 12, and 15 1z
20 in, disc &t § in, and 25 in, dise at 9, 1z, and 15 12
25 in. disc at 6 in. and 15 in, disc at 9, 12, and 15 iz
25 in. disc at 6 in, and 2C in. disc at 3, 12, and 15 12
I 125 in disc at 6 in, 20 in dise at 12 in, 25 in disc at 15 in &
Triple
Baffle 15 in disc at 6 in, 25 in disc at 12 in, 20 in disc at 15 in %
Combina-
tions 20 in disc at 6 in, 15 in disc at 12 in, 25 in disc at 15 in &

20 in disc at 6 im, 25 in disc at 12 in, 15 in disc at 15 in 4
25 in disc at 6 in, 15 in disc at 12 in, 20 in disc at 15 in 4

25 in disc at 6 in, 20 in dise at 12 in, 15 in disc at 15 in &

DATA
The total mass of recolling parts with various brake attactments:
Mp without brake 83.12 Slugs Mg with 25 in, disc 94,01 Slugs

M> with 5-K brake 85,41 Slugs Mp with 15 & 20 in. disc 93,83 Slugs

12



DATA
Mp with M2A2E2 brake 84.57 Slugs My with 15 § 25 in, dise 95,38 Slugs
Mg with 15 in, disc  91.25 Slugs My with 20 & 25 in, disc 96,59 Slugs

Mz with 20 in, dise 92.46 Slugs MR with 15,20 & 25 in. disc 97.96 Slugs

MP + Mc/2 = 1.072 Slugs
Vo = 1605, + = fps
Vg = 23,68 fps + .13 fps (established in Phase 1)

(MP + Me/2) V= 1720.56 lb-sec (establ.isheld in Phase 1)
(Mg, Vpo) = 1968.28 lb-sec (established in Phase 1)

(MR2 Vgo) - (MP + Mc/2) V, = 253.31 lb-sec (established in Phase 1)

F = static friction load of recoil mount =  150,0 1bs
€ = time at which maximum receoil velocity is reached = .04 sec
1. =  frictional impulse of system = 6,00 lb-sec

The fricticnal impulse was included in the calculations of mementum
index. .
(Mpq le) + 1p - (M_ + Me/2) ¥
© A
b = 1 - P {Eq. 2)
(MR2 VR2) + 1 - (Mp + Mc/2) v,

In Table II, the recoil veleocity (V,,) momentum index (b), and crew
area overpressure (AP) is given for every brake cenfiguration tested.
The recoil velocities presented here are average valuss for four rounds.
The values of P, however, ware exactly the same fer zll four rounds for
any given configuration. A sample of five oscillescope traces from which
these values were determined is presented in Figures 6a through Be. Only
overpressure data taken on Gage €36 (second trace down from top) is pre-
sented in Table II. Gage 636 was chosen as the representative sample be-
cause its location with respect to the muzzle is one vhich is commonly
usad in crew area overprsssure mezsurement and, therefore, can be easily
comparaed with the data of other studies, It can be smen that Gage 636
and Gage 379, wnich were located in the same appreximate area, were in
close agreement. Gage 375 i:c represented by the topmost oscilloscope
trace and had the same calibration factor as Gage 536.

13
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PHASE

2
Single
Baffle

BRAKE

CONFIGURATION

No Brake

EFFICIENCY

TABLE II

& OVERPRESSURE DATA

5-K, Medium Efficiency Brake

M2a2E2, Low Efficlency Brake

15

15

15

15

15

20

20

20

20

20

25

25

25

25

in.
in,
in,
in.
in,
in,
in,
in.
in,
in,
in.
ia,
in.
in,

in,

dia
dia
dia
dia
dia
dia
dia
dia
dia
dia
dia
dia
dia
dia

dia

dise
disc
dige
disc
disec
disc

disc

disc
disc
disc
disc
disc

disc

at

at

at

at

at

at

at

at

at

at

at

at

at

3 in. downstreanm
6 in, downstiream
9 in, downstream
12 in. dewnstream
15 in., dovnstream
3 in, downstream
6 in. dowmstream
3 in. downstream
12 in. downstream
15 in, downstream
3 in, downstream
6 in. downstream
9 in, downstream
12 in. downstream

15 in., downstream

1S

R1
(fps)

23.68
19.62

20.40

19.62
A8.34
15.97
19.36
18.82
19.10
18.31
18.31
1e.70
13.97
18.8%
17.79
i7.79
18.05

18.31

fo

1.085
L9113
.840
+780

1,166

1l.165

1.070

»973

AP
(psi)

1.12
L. 48

3.36

.67

w

3.34



PHASE

Double
Raffle

Triple
2affle

15

15

15

15

15

15

20

20

20

20

20

20

28

25

25

25

25

BRAKE
CONFIGURATION

in
in
in
In
in
in
in
in
in
in
in
in
in
in
in
in
in

in

There

d;SC
dise
disc
disc
disc
disc
disc
disc
disc
disc
disc
disc
disc
disc
disc
disc
disc

disc

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

6

5

ing

ing
in;
ing
ing
in;
in;
in:
in;

in,

20

20

20

25

25

25

15

15

15

25

25

25

15

15

20

20

20

in
in
in
in
in
in
in
in
in
in
in
in

in

in
in

in

disc
disc
disc
disec

disc

disc
disc
disc
disc
disc
disc

disc

was no measurable change

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

[
[&)

on

13

15

10

15

10

13

15

TABLE II (Continued)

in

in

in
in
in
in

in

Rl

(£ps?

18.31
17.79
17.79
18.05
17.53
17,53
18,05
17.53
17,53
17.53
17,00
17,00

17,53

17,00
17.00

17,27

16,74

16.74

o

. 987

1.180

1.180

973

1.170

1.170

1.08

1.28

l.28

l.08

1.29

1,28

1.17

1.37

1.37

1.18

AP
(psi)

3.33
4,00
4.00

3.33

4,16
2.66

4,16

in either efficiency or overpressure

whan a third disc was added to a double baffle combination.
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RESULTS

1. A Discussion of Test Brake Sfficiency Resulits

When the momentum index is pletted versus downstream Jdistance
as in Figure 7a, it can be seen that a closely related family of
curves exists., As each disc is moved closer to the muzzle, efficiency
is increasing from points 15 in. to 9 in, Between points 9 im. and
6 in, however, the momentum index remains somewhat constant and from
points 6 in., to 3 in. drops rapidly until at point 3 in. downstream
from the muzzle, it is approximately the same for all three discs.
This would indicate, as thecry predicts, that as each plate is moved
upstream, less gas ascapes arcund ity the lurger the plate, of course,
the sraller the loss. The level portions of the curvaes between points
9 in, and 6 ir, indicatas an area whera the gases escaping through the
projectile port beccme more appreciazble and offset the decreasing gas
loss around the disc. It is this trade-off between flows, therefore,
which holds the disc's total impulse constant. At 3 in, downstrzam,
the shape of the gas flow allows ho gas to escape arcund +the 15 in, disc
and, thersfore, no further increase in disc diameter will produce an
increase in the momentum index. From 3 in. downstream up to the muzzle,
the efficiency continues te drep rapidly until at the-nmuzzle, all the
gases pass through the projectile port and (b2 equals zero.

I« can also be seen in Figure 7 a, that the 15 inp disc at is max-
imum efficiency compares closely to the M2A2FE2, iow efficiency brake
as does the 25 in, disc to the 5-K, medium efficiency breke..

In Figure 7b, the mementum indices for the double baffle brakes are
plotted versus distance betwean the first and second brake. As in the
single baffle tests, b remains constant in the region between point & in,
and 9 in, and at point 3 in,, the second disc offers no measurable galn
in efficiency. The same explanation as before holds true here. Most
of the gases passing threugh the first disc pass in turn through the
second unlass the second disc is at least 6 in. further downstream, It
also can be seen that an addition of any second disc at 6 in. away in-
creases the overall efficiency appraximately 0.20 for every combination,
This proves that although a large quantity of gas is escaping through
the first disec, there isn't enough to cause gas escape around the 15 in,
disc; hence the insrease of the second disc diameter czuses no further
rise ia b, Furthermore, for all double brake combinations where the
second disc was at least 6 in, downstream from the first, the momentum
irdex was greater than both the 5-K brake and the most efficient sipgle
disc,

17






2. A Discussion of Test Brake Overpressure Results:

In Figure 8z, overpressure (4P) is plotted versus distance of

the single baffies, It can be seen that the overpressure rises as the

disc is moved closer to the muzzle, having its peak at 3 in. downstream
from the muzzle which is a point of low efficiency. Also, it should

be noted that the disc diameter is not as strong a function of AP as

it was for mamentum index. These two observations indicate that over-

pressure, unlike momentum index, is primarily dependext upon peak mass

rate of gas flow from the brake and not the quantity of gas deflected,

All of the single baffle configurations producaed less overpressure
than did the 5-K brake and half of them cutperformed the M2A2E2 brake
in this respect, '

Logking now at the overprassure rasults for the double baffle
brakes shown i. Figure 8b, one can see that the data doesn't follow
the same patterm as that for single discs., Instead of the overpressure
rising as the second disc is mcved closer to the first, it simulates
the effiociency performance and remains constant betweer points 8 in,
and 6 in., dropping off at a point 3 in. downstream. This can be ex-
plained by the fact that the first disc acts as a shield between the
second disc and the blast gages and as the second disc is moved upstreanm,
less and less gas escapes around the shield in the directiorn of the crew.
The fact that the rise in AP is less than the rise in b when a second
baffle is added@ strengthens this theory,

All values of overpressuvre for the dcuble baffle brakes lie between
the AP ratings for the 5-K and M2A2E2 brakes,

CONCLUSIONS

From this study of the muzzle brake parameters, dismeter and down-
strean distance, the following conclusion: tan be drawn:

1. The efficiency of a muzzle brake depends primarily ca the
quantity of gas deflected,

2., The overpressure in the crew area depends primarily upon the
peak mass rate of gas flow which in turn is dependent cn domnstream
distance,

3. TFrom the first two statements and the results of phase 2,
cne can further conclude that the larger the brake diameter, the farther
downstream the compensating effect between gas flow around the brzke and
through the brake extends. Therefore, from a theoretical stardpeint, a
very large disc,; placed at a great distance from the muzzle would provide
both high efficiency and extremely weak overpressures near the crew,
This fact is illustrated in Figure 9 where the efficiencies and over-
pressures for both the 20 inch diameter disc and a hypotheticzl large
disc are plotted versus distance.

19
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4, Since the increase of efficiency is the same for all second
disc diameters {See Tigure 7b), it can be said that the gas flow to
the seccnd disc is never enough ©¢ ever justify making the diameter
of the second disc larger than the diamersr of the first, Thics is
providing, of course, that the first disc is placed within its max-
imum efficiency range.

Se In the practical design of muzzle brakes, the problem of
compremising efficiency with weight can best be met by the use of
malti-baffle brakes. Tails fact is brough out in Figure 7b, where
the maximum efficiency of a 25 inch diameter plate is equaled by a
combinaticn of smaller plates. The theory here is that each baffle
utilizes the gas escaping through the preceeding baffle and the brake
as a whole approaches the ideal conditien of zotal gas deflection,
‘Therefore, the more small baffles one can insvall withirn a predeter-
mined brake length, the more efficient the brake, providing that the
spacing between baffles is such that each brake is at a maximum effi-
ciency location for its particular diameter. The average diameter
and length of brake would be predetermined by the weight requirements,

6o The number of baffles that can be put within a given brake
length is limited Ly the minimum amount of spacing that-can be tolerated
between them. As can be seen in the double baffle test, the second
disc added no efficiency when it wes only three inches frem the first
but contributed its maximum when six inches away., Based on this, the
minimum spacing between dises would be approximately 1.5 calibers.

To shorten this spacing very small diameter baffles would have to be
used, say any diameter less than two calibers, the result of which
would be 2 deflecting baffle area toc small to obtain any appreciable
efficiency.

7. The method described upon, although quite adequate from the
standpoint of efficiency, doas not alleviate tha overpressure problem.
Although the test data shows that 211 the double baffle brakes were
more efficient than the 5-K medium efficisncy brake and all procducsd
less ovarpressure in the crew area, it must be remembexad that the
test brakes used in this study all had a completely open periphery
vhich allowed *he deflected gasss to expand through a full 360 degrees
exit pcrt and that this unhindered expansion of gas helped to increase
the efficiency and iower the overpressure. Unfortunately, a completely
open periphery also produced intolerable obscuration which makes this
type of brake impractical.

6. Although the number of baffles doesn't help to reduce over-
pressure, the spacing between them can, As can be seen in Figure 9,
the overprassure produced by the 20 inch diameter disc decreases 16
percent when the disc is moved from 6 inches downstream to 9 inches
while the moment'm index remains the same, Therefore, it can be said
that in the design of this single or multi-baffled brakes, a small
sacrifice in weight in the form of slightly extra length can signifi-
cantly reduce overprassure,

[ 3]
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RECOMMENDATIONS

Bacause instrumentation limitations, primarily in measuring
recoil velecity, made it impossible to measure the impulse produced
by =small changes in paramsters, and because very small error in
data can cause a relatively largs errcr in ths computaticn of the
momentum index, another measure of efficiency should be used or a
better techniqua of instrumentation be adopted bafore continuing
this muzzle brake study.

Since the momentum index is accepted &3 the most ideal measure-
ment of efficiency, it is recomended that bstier instrumentation
of recoil velecity be investigated., It is also suggested that less
recoil mass be emplcyed., This will increase the recoil velocity
and thereby make any measurement error relatively less significant.

23



APPENDIX

INSTRUMENTATION EQUIPMENT AND PROCEDURES

Muzzle Vaelocity: The muzzla velocity was measured by firicg
magaeticed prolectiles through tWo copper coils, spaced 50 feet
apart, vhich started and stopped an electronic counter (Hewlett-
Packard, Model 5233L).

Recoil Velosity:  The recoil velocity was measured by a magnatic
pickup (Electro Products, Model 3010AN) attached to a rack and
pinion gear which in turn was connected betwecn the receciling parts
and the mount. Tlc¢ impulses were recordad oa an oscillograph
(Honeywell Visicorder, Model 1012). For greater timing accuracy,

a timing genarator control unit (Armcur Research Foundation S/N 12)
was also channeled =r the oscillograph.

Ovarpressure Measurement: The instrumentation used to record
overpressures 1§ listed beiaw:

Pickups (&) - Atlantic Research, Piezo Electric,
Pencil Gages

cables (&) - Belden, 8254, RG G 2/V (220 ft. lines)
Amplifiers (4) - Atlantic Research, Type 10uA

Amplifier Power Supply - Gzneral Radio Cempany, Type 1205-B
Plug-ins - Tektronic, Type C-A

Oscilloscope - Tektronic, Type 551

Camera - Tektrcnic movnted Polaroid

Scope Tirigger - Preamplifier, Tektrecnic, Type 122
Trigger Power Supply - Tektronic, Type 125

A schematic of the instrumentation is shown in Figure A,
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Pencil Gage Calibration: The pencil gages were dynamically cali-
brated before each day's firing with the pressure release device
shown in Figure B, The gages are placed in the calibrator which
is then pressurized to four psi. (Four psi was used because it
was the approximate region of the test measurements). A diaphram
at one end of the calibrator is then punctured and the impulse

of the resulting pressure drop is transferred by the zage, through
the same circuitry used in actual testing, to the cscilloscope

and camera, A typicel calibration trace is shown in Tigure C,

ripure C
Tvplcal Calibration Trace

Calibration Pressure 4 psi
Deflection to Atnospheric Pressure 3 Units
Calibration Tactor = 1.33 psifunit
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The measure of efficlency used for these tests was momentum
index (b) which is defined by the following equatiuvns:

(momentum imparted during gas)
(ejection period with a brake)

Mementum index (b) = 1 -
(momentum imparted during gas)
(ejection period without a brake)
(Mo, Vo) = (M _+M )V
b = 1 RL_RL R /2 o (Eq. 1)
M_ vV )y-(M +M ).V
R2 R2 P c/2 °
Mgy VR = totzl momentum imparted to recoiling parts with a brake.
Ypo VR2 = total momentum imparted to recoliling parts without a brake.
{Mp + Hc/2) Vo = H?menFum imp§rted to recolling parts up to gas
ejection period.
where M1 = mass of racoiling parts with a brake.
Mpo = mass of rscoiling parts w;thout a brake.
My = mass of projectile

ZS;}fﬁ/ Mo = mass of charge

mand, Fevranit

V1 * spetwen reccil velocity with a brake.
VRa = maximum recoil velocity without a brake,
Vo = muzzle velocity of projectile.

EQUIPHENT

The muzzle brake test fixture used in this study had three (3)
removable deflectors or discs. These dises had cutside diameters of
15.0, 20.0, and 25.0 incher and inside diameters of 4,25 inches. These
were attached by four (4) rods to a muzzle ceollar and could be posi-
tionad at various distances from the muzzle with spacers, (See Figure 1).
The test shots were fired from a 105mm howitzer which rolled on the free
recoil mount shown in Figure 2, Two conventional brakes were also tested
for ccmparison purposes, the 5K (medium efficiency) breke and the M2A2R2
(low efficiency) brake. (See Figures 3 & 4). Overpressure was measured
with piezo~electric pencil gages whish were arranged in positiens shown in
Figura 5, A list of the instrumentation equipment used and procedures
followed is presented in the Appendix.
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